Hospitals: Yukiko SEKI. Faculty of Education, Saitama University-In Japan, the most common reason for medical errors is a lack of cross-checking. To prevent errors, efforts to strengthen cross-checking behaviors are being adopted. However, time pressures also lead to errors, and increasing cross-checking activities leads to an increased workload and even greater time pressures. The purpose of this study was to identify working conditions that lead to time pressure for nurses, and to find ways to reduce time pressure and prevent subsequent errors. Self-reporting questionnaires were distributed over 10 days to 416 nurses working in 17 wards at two hospitals; 357 nurses (85.8%) responded anonymously, providing data on 2,150 person-days. In multivariate analyses, medical support services and the number of nurse calls a n s w e r e d w e r e a s s o c i a t e d w i t h s u b j e c t i v e assessments of time pressures and nursing service delays due to busyness. Moreover, working the "evening-day shift" (when a nurse works a day shift after working the evening shift with no days off in between) led to a high level of fatigue before work and was associated with nursing service delays due to busyness. Reducing time pressures and preventing errors requires an adequate number of nurses, shift plans that consider rest periods and order of rotation, increased task discretion for nurses, and the prevention of chronic fatigue. (J Occup Health 2008; 50: 181-190) 
Medical accidents have long been recognized as an increasing social problem in Japan. Despite efforts by medical institutions and workers, medical accidents continue to occur. According to a report by the Japan Council for Quality Health Care Medical Accident Prevention Center 1) , over a 3-month period from July 1 to September 30, 2006 , 375 medical accidents (medical actions that harmed patients) were reported. Most of these actions were committed by doctors, followed by nurses. This report also showed that, in the 3-month period from January 1 to March 31, 2007, 1,273 hospitals reported 42,753 incidents (medical actions that were not actually taken but would have harmed patients if performed, or that were actually made but did not harm patients or required follow-up observation); nurses committed 76.4% of these errors. The most frequent cause of medical accidents and incidents was a lack of cross-checking.
The cause of errors most frequently cited by nurses themselves, however, is busyness 2, 3) . Nurses, therefore, feel that reducing busyness is the most important means of preventing medical errors. Previous reports show that busyness or time pressures are an important contributing factor to errors [4] [5] [6] , and previous studies have shown that time pressures due to excessively heavy workloads contribute to a lack of cross-checking 7) . Taking into consideration working conditions such as fatigue or lack of sleep, knowledge or ability, workload, and busyness, there was a strong correlation between the occurrence of errors and nursing service delays due to busyness 8) . Nursing service delays are a major factor that cause nurses to feel a sense of time pressure.
However, current medical accident prevention measures being implemented in Japan tend to address the causes of accidents and are focused mainly on combating the lack of cross-checking. Measures to address busyness-an area that nurses strongly desire to be addressed-are not being implemented, and workloads are actually increasing due to the increased efforts to implement cross-checking activities. Moreover, research on accident prevention primarily focuses on identifying the causes of errors; there is virtually no research dealing with identifying working conditions that affect nurses' busyness, in particular the time pressures placed on them.
Similarly, no studies have focused on changing working conditions to reduce time pressures and subsequently prevent errors. The purpose of this study was to identify the working conditions that lead to time pressures on nurses, and to create measures to change these working conditions and thus prevent medical errors.
Methods

Subjects and study design
A total of 416 staff nurses working in 17 wards at one public hospital and one private hospital (800 and 600 beds, respectively) were surveyed.
The surveys were conducted sequentially, one ward at a time, between 2001 and 2003. The anonymous selfreport questionnaires were distributed to and collected from the participating nurses via managers at the participating hospitals. A period of 10 consecutive days was established as the survey period in each ward at the participating hospitals. Subjects were asked to fill out the survey based only on the conditions they faced on the days they worked during that period. Valid responses were anonymously received from 357 (85.8%) of the 416 nurses surveyed. Data for 2,320 person-days were reported by these 357 respondents. Of these responses, person-days with missing answers, unusual work shift patterns, and special work situations, such as training that started during the survey period, were excluded. The remaining 2,150 person-days were analyzed (valid response rate: 92.7%).
Ethical considerations
This study was approved by the epidemiologic ethics committee of the institution to which the author belonged. The study was explained both in writing and orally to managers at each of the participating facilities, and written approval was obtained to conduct the survey. Subjects were informed in writing about the purpose of the study and the methods used, and were informed that their privacy would be maintained. Subjects were asked to respond only if they agreed to participate voluntarily in this study. This survey did not determine the gender of the respondents, as there were few male nurses in the hospitals.
Variables
The various working conditions that could affect busyness and medical errors were drawn from previous reports on medical errors 3, 9, 10) . Thus, subjects were asked about the following variables for this analysis: their shifts, work experience, fatigue, sleep, workload, and time pressures.
Shifts: The hospitals of the participants used a threeshift system over a 24-h period: the day shift, evening shift, and the night shift. The day shift can be one of two shifts: the "evening-day shift" (when a nurse works a day shift after working the evening shift with no days off in between) and the "normal day shift" (when a nurse works a day shift after a day shift or a day off). Almost all night shifts were "day-night shifts" (when a nurse works a night shift after completion of a day shift). Therefore, we asked subjects whether they were working the evening-day shift, normal day shift, evening shift, or night shift. When subjects worked unusual shifts that did not fit into any of the above four categories, they were asked to indicate their work hours. If their work hours could not be classified into any of the three categories, their responses were excluded from the analysis.
Work experience: Years of experience as a nurse and years of experience in the current ward were asked.
Fatigue: The subjective fatigue of each nurse was measured immediately before starting work using a 100-mm visual analogue scale (VAS). The level of fatigue was expressed by drawing a vertical line on a horizontal line whose left edge indicated "no fatigue" and whose right edge indicated "severe fatigue" 11, 12) . Sleep: Sleep duration before work was assessed. Nap hours were included in sleep duration. The level of sleepiness before work was also measured using a VAS with "no sleepiness" along the left edge and "severe sleepiness" along the right edge 13) . Workload: In Japan, there are two nursing services: medical support services (the part of the medical examination and treatment that nurses do under the instructions of a doctor), and nursing care (care of a patient undergoing medical treatment), as stipulated in the Public Health Nurse, Midwife, and Nurse Law. Medical support services were measured by categorizing patients based on medical and nursing treatments 14) , using 24 items, including "number of patients admitted," "number of patients with intravenous hyperalimentation or being given infusions requiring minute adjustments," and "number of patients having a tracheotomy on the day of the survey." A weighting system of 1-10 points was applied to each item, and the total score was calculated. Nursing care was measured by the 16 activities shown in Appendix 1, which were provided at the hospitals but were not included in medical support services. These activities and the point allocation was based on the Toranomon Nursing System (TNS) 15) . The total score was used to analyze the amount of nursing care provided. Subjects were asked to answer these workloads based only on the patients to whom they were assigned on the day of the survey. We also asked about the number of nurse calls answered, which is an important nursing responsibility. The subjects could use the personal handy phone system handsets of the nursing call system to answer the calls. Because subjects indicated that it was difficult to accurately remember the exact number of calls they answered, this item was measured using a Likert scale, where 1=0-3 calls, 2=4-6 calls, 3=7-10 calls, 4=11-14 calls, and 5=15 or more calls.
Time pressures: Subjective time pressures during each shift were measured using a VAS. We asked "to what extent did you feel rushed (or had a specified deadline or were under time pressure)." The left side of the VAS represented "no time pressure" and the right side represented "severe time pressure." Because nursing service delays due to busyness are closely related to the occurrence of errors, we also asked "Was there a delay in your nursing services because of busyness?" 8) 
Statistical analysis
First, analysis of variance, the t-test, and chi-square analyses were used to explore associations among variables by shift, hospital, and ward. To determine the variables related to time pressures, bivariate and multivariate analyses were conducted using time pressure measured by VAS as the dependent variable and the other working conditions as independent variables. Because data were taken from repeated measurements in which each nurse in each ward answered more than once, a generalized linear mixed model that considered the intraindividual correlations in each ward and each nurse was used 16) in the multivariate analyses. To examine the associations of variables with nursing service delays due to busyness, bivariate and multivariate analyses were conducted, with the presence or absence of a nursing service delay as the dependent variable (absent=0, present=1), and other working conditions as independent variables. To consider intra-individual correlations in each ward and nurse, parameter estimation in the logistic regression analysis was performed using generalized estimating equations 17) in multivariate analyses. Statistical analyses were performed using the SAS software packages (SAS for Windows, Version 8.0). The level of statistical significance was set at 5%.
Results
Overview of the respondents and their working conditions and busyness by shift
Responses from 357 subjects were analyzed. Their mean (SD) age was 36.5 (16.3) yr, with 17.6 (17.6) yr of nursing experience, and 2.1 (2.7) yr in the current ward. Table 1 shows the working conditions, subjective time pressures, and the nursing service delays due to busyness that occurred during each shift. Because most night shift nurses had also worked the day shift on the same day, sleep duration was short (3.26 [2.5] h). Sleepiness and fatigue were higher during the night shift than during the other shifts. Because the number of nurses working the night shift was only one third or one fourth of that working the day shift, the number of patients for which each nurse was responsible was higher during the night shift. As a result, the medical support services and nursing care workload were relatively heavier than during the other shifts. Sleepiness and fatigue were significantly higher during the night shift than during the other shifts. Compared with the normal day shift, fatigue, sleepiness, and sleep duration before work were higher during the evening-day shift. There was no difference in subjective time pressures and nursing service delays due to busyness between shifts. Table 2 shows the correlations between working conditions and subjective time pressure by shifts. A higher level of fatigue before work, a higher level of sleepiness before work, and a higher medical support services workload were correlated with a higher subjective time pressure. Furthermore, subjective time pressure was correlated with nursing care workload during the evening-day shift, the normal day shift, and Measured by VAS. 0=no sleepiness to 100=severe sleepiness. 6) Higher score indicated more workload. 7) Number of nurse calls answered 1=0-the evening shift, and number of nurse calls answered during the normal day shift, the evening shift, and the night shift. Table 3 shows the results of the multivariate analysis for subjective time pressure. To consider intra-individual correlations in each ward and nurse, a generalized linear mixed model was used in the analysis. For all shifts, a higher medical support services workload was associated with higher subjective time pressure. During the normal day shift, the evening shift, and the night shift, a greater number of nurse calls answered were associated with higher subjective time pressure. Subjective time pressure increased during the normal day shift when nurses reported a higher level of fatigue before work and higher sleepiness before work, and during the evening shift when nurses reported higher levels of fatigue before work. Table 4 shows the results of the bivariate analysis of the relationship between work conditions and nursing service delays due to busyness by shifts. For all shifts, with higher medical support services workloads, the respondents reported significantly more nursing service delays. During the normal day shift and the night shift, significantly more nursing service delays were reported when there were higher nursing care workloads. A greater number of nurse calls answered was associated with nursing service delays during the normal day shift, the evening shift, and the night shift. Furthermore, nursing service delays were associated with higher levels of fatigue before work during the evening-day shift, the normal day shift, and the night shift, and higher levels of sleepiness before work during the evening-day shift and the normal day shift. Table 5 shows results of the multivariate analysis on the presence of nursing service delays and working conditions. To consider intra-individual correlations in each ward and nurse, generalized estimating equations were performed. During all shifts, nursing service delays were reported with higher medical support services workloads. Furthermore, nursing service delays were reported with a greater number of nurse calls answered during the normal day shift and the night shift. A higher level of fatigue before work was significantly associated with nursing service delays during the evening-day shift.
Working conditions that correlate with time pressures
Work conditions correlating with delays in nursing services due to busyness
Discussion
Effects of nursing services
For all shifts, the medical support services workload was correlated with subjective time pressures and nursing service delays. The medical support services reviewed in this study were all conducted at designated times that could not be changed at the discretion of a nurse. People who are in jobs with high demands and low levels of control, such as nurses, are considered to be at high risk for developing stress 18) . To reduce the time pressure on nurses and the occurrence of nursing service delays, it is important to consider the level of discretion that could be exercised by nurses. It is possible that allowing nurses some discretion on when to perform certain duties may help reduce time pressures and nursing service delays.
Of course, to determine how best to reduce time pressures, it is necessary to investigate the nursing workload that can be handled by a single nurse. The number of hospitalized patients per nurse is extremely high in Japan compared with other countries 19) . Medical advances, the level of complexity in medicine, and the sharp drop in the average hospital stay due to medical insurance have resulted in a marked increase in the pernurse workload of nursing services performed in conjunction with medical treatments. The medical reimbursements paid for nurse deployment were revised in April 2006, and an increasing number of hospitals have hired more nurses to increase their income. This has resulted in nationwide competition for nurses. A growing number of hospitals are unable to stay in business because their nurses are being hired by other hospitals 20) . However, in hospitals that have increased their nursing staff, the nurses are now able to implement medical safety policies, and their working conditions have improved; for example, nurses at these hospitals are able to take breaks during the night shift 21) . Studies need to be done to determine whether an increased number of nurses contributes to the provision of safer nursing services based on the changes in the nurses' workloads and reductions in subjective time pressures and nursing service delays. To calculate the appropriate level of labor power, it is essential to develop a nursing workload measurement tool. Studies have been conducted in Japan to determine the nursing necessity 22) . However, a tool with proven convenience, reliability, and validity has yet to be developed. To prevent medical accidents, researchers urgently need to develop a tool that can measure nurses' workloads in a manner that is congruent with the Japanese medical system. This tool could be used to calculate the amount of nursing labor needed to staff medical facilities.
The number of nurse calls answered was also a factor that led to higher subjective time pressures during the normal day shift, evening shift, and night shift, and it led to nursing service delays due to busyness during the normal day shift and night shift. Answering nurse calls requires that nurses stop what they are doing to answer the call 6) . If the nurse does not resume the activity that was interrupted, it could lead to errors of omission 4, 23) , as nurses may unintentionally neglect to perform certain tasks. Cross-checking is one of the nursing services that might end up being omitted 7) . When time pressures and nursing service delays occur, cross-checking may be skipped. This results in the occurrence of errors due to a sleepiness. 4) Higher score indicated more workload. 5) Number of nurse calls answered 1=0-3 calls, 2=4-6 calls, 3=7-10 calls, 4=10-14 calls, 5=≥15 calls. lack of adequate cross-checking. Therefore, it is necessary to consider the adoption of a nurse call system, which adapts the nursing delivery system into team nursing or primary nursing activities and triggers messages that are sent directly to the primary care giver. The introduction of this type of system shortens nursing activities and make it possible to perform quick and adequate patient services 24) . Furthermore, the number of nurse calls must be assessed to ensure that nurses can meet the needs of patients, which can be difficult to anticipate. However, when there are frequent nurse calls, it becomes difficult for nurses to meet the needs of all patients. A decrease in nurse calls can reduce work interruptions, improve the nurses' subjective time pressures and nursing service delays, and also help prevent errors. Given this observation, studies are needed to determine why patients use their nurse call button, the characteristics of patients who tend to use their nurse call button, and whether enough labor power is being made available to provide nursing care.
The problem of shift work
In same day shifts, the factors associated with subjective time pressure and nursing service delay due to busyness were different between the evening-day shift and the normal day shift. During the normal day shift, subjective time pressure was significantly correlated with fatigue before work. The result was similar for the evening shift. Unlike the evening-day shift or the night shift, nurses can get enough sleep in the normal day shift or the evening shift. However, there were some nurses who had excessive fatigue before work, and they felt more time pressure during these shifts. Considering that mean fatigue before work in the evening-day shift and the night shift was more than 10 mm higher than for the other shifts, it is possible that the difference in fatigue level was not associated with subjective time pressures in the eveningday shift and the night shift. It is also possible that the sample size might not have been large enough to detect differences because F values were relatively high. Therefore, it is possible that subjective time pressure was associated with fatigue before work during all shifts, and further examination is necessary.
In terms of nursing service delays due to busyness, these delays were significantly correlated with subjective fatigue before work during the evening-day shift but not during other shifts. Even during the day-night shift, like the evening-day shift, during which there are only several hours between shift end time and next shift start time, nursing service delays due to busyness were not correlated with subjective fatigue. The evening-day shift is a back rotation shift, which allows work times to gradually shift to earlier hours and works against circadian rhythms for both nurses and patients. However, the day-night shift is a back rotation for nurses, but a forward rotation for patients. Therefore, the evening-day shift is more likely to disturb circadian rhythms, causing fatigue 25, 26) . Because fatigue reduces a nurse's ability to work, even normal workloads become excessive, resulting in nursing service delays and errors caused by a lack of accuracy in work performance 9, 10, [27] [28] [29] [30] . The shift work system in which one nurse works three shifts repeatedly in 1 week is peculiar to Japan. All staff nurses are requested to work a 24-h shift-work system in the hospital, and this system is the root cause of chronic fatigue. In other countries, however, nurses can choose work shifts according to their lifestyles. According to the International Council of Nurses, employers should be required to introduce approaches to reduce the harmful effects of shift work, such as individualized time schedules, decreased hours per week for evening and night shifts, and use computer programs to develop objective work rosters 31) . Therefore, it is necessary to consider the introduction of the individualized shift schedules in Japan.
To improve health conditions of the workers engaged with 24-h shift-work, it is necessary to consider the number of nurses needed to meet patient/community needs and ensure patient safety 31) . Moreover, introducing a two-shift system (working two 12-h shifts with days off in between), as opposed to a backward rotation, such as the evening-day shift, may be a good way to protect shift workers' health. The two-shift system has some advantages, as it enables workers to take more days off, allowing them to improve their home and social lives, and increases the level of work satisfaction among nurses [32] [33] [34] [35] . In Japan, hospitals are increasingly adopting the two-shift system. However, it has been pointed out that the two 12-h shift system adopted in other countries has led to chronic fatigue and errors due to long work hours 32, 34) . Nevertheless, many hospitals in Japan have introduced a 24-h rotation comprised of an 8-h shift and a 16-h shift 36) . Further investigation is needed to determine the kinds of work systems that allow nurses to stay healthy and provide safe, high-quality care.
Limitations and future research
The subjects of this study were nurses at 17 wards in two hospitals. The results of the survey might have differed if it had been conducted at other wards or hospitals that had different treatment regimens and workshift systems. To improve working conditions most effectively, the survey and analyses should be performed for each medical institution and for each ward.
In conducting this study, busy nurses were asked to complete a survey, a task that only added to their workload. This placed a large burden on nurses at hospitals that do not regularly record nurses' workloads; thus, incomplete reports were submitted by many nurses. For this reason, the responses obtained in this survey could be biased towards data obtained from nurses who were aware of the nature and volume of the nursing services for which they are responsible.
Conclusion
Changes in several working conditions could lead to a reduction in time pressures and prevention of errors; these changes include having an adequate number of nurses, implementing shift plans that consider rest periods and order of rotation, expanding the discretion of nurses for completing tasks, and preventing chronic fatigue. Future research must focus on developing a convenient tool for measuring the workloads of nurses in Japan so that appropriate workloads can be calculated. 
